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(57) A perpendicular magnetic film comprising a 
Co-containing -y-Fe 2 03 film formed on a sub- 
strate, in which the plane (400) is predominantly 
oriented in parallel with said substrate, the 
molar ratio o f Co to Fe is from 0.01 :1 to 0.32 :1. 
the spacing 67 said plane (400) is not more than" 
2.084 A, and the optical absorption coefficient 
at 700 nm is not more than 2.5 jutt 1 . 
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The present invention relates to a perpendicular 
magnetic film and a multi-layered film for a perpendic- 
ular magnetic film. More particularly, the present in- 
vention relates to a perpendicular magnetic film com- 
posed of Co-containing y-Fe 2 0 3 which is suitable as 
a perpendicular magnetic recording material and 
which has an excellent oxidation resistance, an excel- 
lent corrosion resistance, a large coercive force, a 
large squareness, a large Faraday rotation angle 6 F 
and a small optical absorption coefficient a and, 
hence, a large figure of merit, and to a multi-layer film 
used as a precursor for such a perpendicular magnet- 
ic film. 

With recent remarkable demand for miniaturiza- 
tion and higher reliability of information processing 
devices and systems, perpendicular magnetic films 
as a high-density recording medium have been rap- 
idly developed and put to practical use. A perpendic- 
ular magnetic film has an easy magnetization axis 
perpendicular to the film surface, in other words, per- 
pendicular magnetic anisotropy, and it is required to 
have excellent coercive force Mc and squareness (re- 
sidual magnetization or/saturation magnetization as) 

In addition, since the magnetic characteristics of 
a magnetic recording medium are deteriorated due to 
oxidation by the oxygen in the air, the perpendicular 
magnetic film is required to be stable against oxida- 
tion. 

When a perpendicular magnetic film is used as a 
medium for magneto-optical recording in which re- 
cording and reproduction of information is carried out 
by using an optical beam such as a laser beam, the 
medium is required to have excellent magneto-optical 
characteristics such as a Faraday rotation angle 6 F , 
an optical absorption coefficient a (when the ratio of 
the intensity ^ of the light which has transmitted a ma- 
terial having a film thickness of t to the intensity l 0 of 
incident light, namely, the transmittance (\^/\ 0 ) is as- 
sumed to be ex p (-at)) and a f igure of merit (2 1 9 F I /a). 
With the recent increasing demand for higher-density 
recording, a growing tendency is shown that the re- 
corded carrier signals have a high frequency, in other 
words, that the recorded carrier signals have a short- 
er wavelength. The wavelength of a light source 
which is used for magneto-optical recording at pres- 
ent is 830 nm or 780 nm, but for the purpose of higher- 
density recording in the future, semiconductor lasers 
having a wavelength of 670 nm, 640 nm, 532 nm, 490 
nm, etc. are considered as a light source. 

In the case of magneto-optical recording, the di- 
ameter of a recorded bit is determined by the wave- 
length of a laser beam, and the shorter the wave- 
length, the smaller the bit diameter becomes. A ma- 
terial whose Faraday rotation angle has a large de- 
pendence on the wavelength in a short wavelength 
region of not more than 780 nm, is therefore strongly 
demanded. 

An amorphous alloy thin film such as a Gd-Co 



film and a Tb-Fe film composed of a rare earth metal 
and a transition metal, a spinel oxide thin film such as 
a cobalt ferrite film (Japanese Patent Application 
Laid-Open (KOKAI) Nos. 51-119999 (1976), 63- 

5 47359 (1988), 3-17813 (1991), 3-188604 (1991) and 
4-10509 (1992)); a magnetoplumbite oxide thin film 
such as a barium ferrite film (Japanese Patent Appli- 
cation Laid-Open (KOKAI) No. 62-267949 (1987)) 
and a substitutional garnet thin film have been pro- 

10 posed as perpendicular magnetic oxide thin films for 
magneto-optical recording. 

Among the above- described perpendicular mag- 
netic films, the cobalt ferrite film which is typical of 
spinel oxides films are stable against oxidation be- 
ts cause it is an oxide, it has a high coercive force due 
to the large crystalline magnetic anisotropy, and it has 
a large Faraday rotational angle 9 F in a short wave- 
length range in the vicinity of 800 nm and 500 nm. 
Owing to these magnetic characteristics a cobalt fer- 

20 rite film is considered to be promising as a magneto- 
optical recording medium. 

As the process for producing a cobalt ferrite 
(CoFe 2 04)f ilm, various methods such as a sputtering 
method, a vacuum evaporation method and a 

25 MOCVD method are known. Among these, a sputter- 
ing method is mainly adopted. The sputtering meth- 
od, however, is disadvantageous in that although the 
easy magnetization axis of a cobalt ferrite (CoFe 2 0 4 ) 
film is in the plane (400), the easy magnetization axis 

30 is likely to orient at random or the plane (111) is likely 
to oriented in parallel with the substrate, so that it is 
difficult to produce a perpendicular magnetic film and 
it is impossible to obtain a large coercive force and a 
large squareness. As a method for obtaining a cobalt 

35 ferrite (CoFe 2 0 4 ) film in which the plane (400) is pre- 
dominantly oriented in parallel with the substrate, (1) 
the method described in Digits 9th Annual Conf. Mag- 
netics Japan , p315, (2) the method described in Dig- 
its 1 3th Annual Conf. Magnetics Japan , p 246, and (3) 

40 the method described in Japanese Patent Application 
Laid-Open (KOKAI) No. 4-10509 (1992), for example, 
are known. 

The method (1) is a method of depositing Fe and 
Co ionized in an oxygen plasma on an MgAI 2 0 4 sub- 

45 strate or a silica glass substrate which is heated to a 
temperature of 500° C. Since it is necessary to main- 
tain the substrate temperature at a high temperature 
such as not lower than 500°C during film formation, 
the productivity is poor. In addition, since the material 

50 . of the substrate is limited, it is industrially and eco- 
nomically disadvantageous. 

The method (2) is a plasma-exciting MO-CVD 
method. Since it is necessary to maintain the sub- 
strate temperature of 300 to 400°C in a vacuum during 

55 film formation, the productivity is poor, which is indus- 
trially and economically disadvantageous. 

The method (3) is a method of annealing a multi- 
layered metal film obtained by laminating at least two 
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layers of Co and Fe at a temperature of not lower than 
500°C in an atmosphere containing oxygen. Since a 
high temperature is necessary, the material of the 
substrate is limited, which is disadvantageous both in- 
dustrially and economically. 

Although a perpendicular magnetic film which is 
composed of a spinel oxide and which has an excel- 
lent oxidation resistance, an excellent corrosion resis- 
tance, a large coercive force, a large squareness, a 
large Faraday rotational angle 0 F and a small optical 
absorption coefficient a, and hence, a large figure of 
merit, is now in the strongest demand, none of the 
conventional magnetic thin films sufficiently meet 
these requirements. 

Since the cobalt ferrite ^CoFe 2 Q 4 ) film is an ox- 
ft fitahlfl *^*ir>flt nwrtnt in n ,, h n*« tame coercive^ 
force due to the crystalline anisotropy which increas - 
es with the increase in the Co content, and a large 
Faraday rotational angle 6 F in the vicinity of 800 nm 
and 500 nm. However, the cobalt ferrite (CoFe 2 0 4 ) 
film is disadvantageous in that the optical absorption 
coefficient a at 700 nm is as large as about 3.5 to 7.0 
urn* 1 , so that the figure of merit (2|e F |/a) is small 
when using a laser beam having a wavelength of not 
more than 700 nm. 

Especially, in order to maintain the substrate tem- 
perature at not less then 500°C, the heat resistance 
of the substrate itself is required, but the heat resis- 
tance of polycarbonate, epoxy resin, etc. which are 
generally used as a material of the substrate is insuf- 
ficient Since the material of the substrate is thus lim- 
ited, it is disadvantageous both industrially and eco- 
nomically. 

A magnetic recording medium using an oxide lay- 
er as a primary layer has been proposed in Japanese 
Patent Application Laid-Open (KOKAI) Nos. 3-17813 
(1991), 5-12765 (1993) and 5-166167 (1993). 

Japanese Patent Application Laid-Open (KOKAI) 
No. 5-166167 (1993) discloses a fixed magnetic disk 
obtained by forming a Co-Zn ferrite film having a 
spinel crystalline structure in which the plane (100) is 
predominantly oriented in parallel with the substrate 
on an NiO film having an NaCI-type crystalline struc- 
ture. 

In the fixed magnetic disk, Co ferrite film is 
formed on an NiO primary layer so as to accelerate 
crystalline orientation in the plane (100). but the 
spacing (2.09 A) of plane (100) of the NiO layer is 
smaller than the spacing (not less than 2.10 A) of the 
plane (400) of the Co x Zn y Fe3_ x . y 0 4 layer. When the 
lattice constant of a primary film is larger than that of 
a Co ferrite film, the perpendicular anisotropy is gen- 
erally accelerated, while it is reduced when the lattice 
constant of a primary film is smaller than that of a Co 
ferrite film, as shown in Japanese Patent Application 
Laid-Open (KOKAI) Nos. 3-17813 (1991). The fixed 
magnetic disk disclosed in Japanese Patent Applica- 
tion Laid-Open (KOKAI) No. 5-166167 (1993), there- 



fore, has a small perpendicular anisotropy. 

Accordingly, the present invention aims at the in- 
dustrially and economically advantageous production 
of a perpendicular magnetic film which is composed 
5 of a spinel oxide, and which has an excellent oxidation 
resistance, an excellent corrosion resistance, a large 
coercive force, a large squareness, a large Faraday 
rotational angle e F in a short wavelength region and 
a small optical absorption coefficient a, and hence, a 
10 large figure of merit, at a temperature of not higher 
than 500°C and as low as possible. 

As a result of various studies undertaken by the 
present inventors so as to attain the above aims, it 
has been found that a perpendicular magnetic film 
is . comprising a substrate and a Co-containing y-Fe 2 0 3 
film formed on the substrate in which the plane (400) 
is predominantly oriented in parallel with the sub- 
strate, the Co content is 0.01 to 0.32 mol based on 1 
md of Fei the spacing of the plane (400) is not more 
20 than 2.084, and the optical absorption coefficient at 
700 nm is not more than 2.5 unrr\ obtained by anneal- 
ing at a temperature of 280 to 450°C a multi-layered 
film for a perpendicular magnetic fDm comprising a 
multiplicity of units formed on the substrate, each unit 
25 being composed of an Fe 3 0 4 layer and a CoO layer 
laminated with one on top of the other, in which the 
plane (400) is predominantly oriented. in parallel with 
the substrate, one unit has a thickness of not more 
than 130 A and the molar ratio of Co to Fe is between 
30 0.01 and 0.32, the perpendicular magnetic film has 
not more than 2.5 urrr 1 of an the optical absorption 
coefficient at 700 nm and shows an excellent oxida- 
tion resistance, an excellent corrosion resistance, a 
large coercive force, a large squareness, a large 
35 Faraday rotational angle 9 F and a small optical ab- 
sorption coefficient a, and hence, a large figure of 
merit at 700 nm. On the basis of this finding, the pres- 
ent invention has been achieved. 

It is an object of the present invention to provide 
40 a perpendicular magnetic film which is composed of 
a spinel oxide and which has an excellent oxidation 
resistance, an excellent corrosion resistance, a large 
coercive force, a large squareness, a large Faraday 
rotational angle in a short wavelength region, a small 
45 optical absorption coefficient a, and hence, a large 
f igure of merit (2 1 9 F I /a). 

It is another object of the present invention to pro- 
vide a multi-layered film as a precursor of a perpen- 
dicular magnetic film which is composed of a spinel 
50 oxide and which has an excellent oxidation resis- 
tance, an excellent corrosion resistance, a large co- 
ercive force, a large squareness, a large Faraday ro- 
tational angle in a short wavelength region, a small 
optical absorption coefficient a, and hence, a large 
55 figure of merit (2 1 6> I /a), in order to industrially pro- 
duce the perpendicular magnetic film at a tempera- 
ture of not higher than 500°C and as low as possible. 
In a 1st aspect of the present invention, there is 
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provided a perpendicular magnetic film comprising a 
Co-containing y-Fe 2 0 3 film formed on a substrate in 
which the plane (400) is predominantly oriented in 
parallel with said substrate, the molar ratio of Co to Fe 
is between 0.01 and 0.32, the spacing of said plane 5 
(400) is not more than 2.084 A, and the optical ab- 
sorption coefficient at 700 nm is not more than 2.5 
jim- 1 . 

In a 2nd aspect of the present invention, there is 
provided a multi-layered film for a perpendicular mag- 10 
netic film, comprising a multiplicity of units formed on 
a substrate, each unit being composed of an Fe 3 0 4 
layer and a CoO layer laminated with one on top of the 
other, in which the plane (400) is predominantly ori- 
ented in parallel with said substrate, the thickness of 15 
one unit is not more than 1 30 A and the molar ratio of 
Co to Fe is between 0.01 and 0.32. 

In a 3rd aspect of the present invention, there is 
provided the perpendicular magnetic film according 
to 1 st aspect, obtained by annealing the multi-layered 20 
film as defined in 2nd aspect at a temperature of 280 
to 450°C. 

In a 4th aspect of the present invention, there is 
provided a perpendicular magnetic film comprising: a 
primary layer of an NiO film formed on a substrate in 25 
which the plane (100) is predominantly oriented in 
parallel with said substrate; and a Co-containing y- 
Fe 2 0 3 film formed on said primary layer, in which the 
plane (400) is predominantly oriented in parallel with 
said substrate, the molar ratio of Co to Fe is between 30 
0.10 and 0.32, the spacing of said plane (400) is not 
more than 2.084 A, and the optical absorption coef- 
ficient at 700 nm is not more than 2.5 urrr 1 . 

In a 5th aspect of the present invention, there is 
provided a multi-layered film for a perpendicular mag- 35 
netic film, comprising a primary layer of an NiO film 
formed on a substrate, in which the plane (1 00) is pre- 
dominantly oriented in parallel with said substrate; 
and a multiplicity of units formed on said primary lay- 
er, each unit being composed of an Fe 3 0 4 layer and 40 
a CoO layer laminated with one on top of the other, 
in which the plane (400) is predominantly oriented in 
parallel with said substrate, the thickness of one unit 
is not more than 800 A, and the molar ratio of Co to 
Fe is between 0.1 0 and 0.32. 45 

In a 6th aspect of the present invention, there is 
provided the perpendicular magnetic film according 
to 4th aspect, obtained by annealing the multi-layered 
film as defined in 5th aspect at a temperature of 280 
to 450°C. so 

In a 7th aspect of the present invention, there is 
provided a perpendicular magnetic film according to 
1st aspect, wherein said Co-containing y-Fe 2 0 3 film 
formed on said substrate in which said plane (400) is 
predominantly oriented in parallel with said substrate, 55 
contains 0.01 to 0.25 mol of Mn based on 1 mol of Co. 

In an 8th aspect of the present invention, there is 
provided a multi-layered film for a perpendicular mag- 



netic film, comprising a multiplicity of units formed on 
a substrate, each unit being composed of an Fe 3 0 4 
layer and an oxide layer containing Co and Mn lamin- 
ated with one on top of the other, in which the plane 
(400) is predominantly oriented in parallel with said 
substrate, the molar ratio of Mn to Co is between 0.01 
and 0.25, the molar ratio of Co to Fe is between 0.01 
and 0.32, and the thickness of one unit is not more 
than 130 A. 

In a 9th aspect of the present invention, there is 
provided the perpendicular magnetic film according 
to 7th aspect, obtained by annealing the multi-laye- 
red film as defined in 8th aspect at a temperature of 
280 to 450°C. 

In a 1 0th aspect of the present invention, there is 
provided a perpendicular magnetic film comprising: a 
primary layer of an NiO film formed on a substrate in 
which the plane (100) is predominantly oriented in 
parallel with said substrate; and a Co-Mn-containing 
y-Fe 2 0 3 film formed on said primary layer, in which 
the plane (400) is predominantly oriented in parallel 
with said substrate, the molar ratio of Co to Fe is be- 
tween 0.10 and 0.32, the molar ratio of Mn to Co is 
between 0.01 and 0.25, the spacing of said plane 
(400) is not more than 2.084 A, and the optical ab- 
sorption coefficient at 700 nm is not more than 2.5 
urn -1 . 

In an 11th aspect of the present invention, there 
is provided a multi-layered film for a perpendicular 
magnetic film, comprising a primary layer of an NiO 
film formed on a substrate in which the plane (100) is 
predominantly oriented in parallel with said substrate; 
and a multiplicity of units formed on said primary lay- 
er, each unit being composed of an Fe 3 0 4 layer and 
an oxide layer containing Co and Mn laminated with 
one on top of the other, in which the plane (400) is 
predominantly oriented in parallel with said substrate, 
the thickness of one unit is not more than 800 A, the 
molar ratio of Co to Fe is between 0.10 and 0.32, and 
the molar ratio of Mn to Co is between 0.01 and 0.25. 

In a 12th aspect of the present invention, there is 
provided the perpendicular magnetic film according 
to 10th aspect, obtained by annealing the multi-laye- 
red film as defined in 11th aspect at a temperature of 
280 to 450°C. 

In a 1 3th aspect of the present invention, there is 
provided a process of producing a perpendicular mag- 
netic film as defined in 1st aspect, comprising the 
step of annealing at a temperature of 280 to 450°C a 
multi-layered film composed of a multiplicity of units 
formed on a substrate, each unit being composed of 
an Fe 3 0 4 layer and a CoO layer laminated with one 
on top of the other, in which the plane (400) is pre- 
dominantly oriented in parallel with said substrate, 
the thickness of one unit is not more than 130 A, and 
the molar ratio of Co to Fe is between 0.01 and 0.32. 

In a 14th aspect of the present invention, there is 
provided a process of producing a perpendicular mag- 
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netic film as defined in 4th aspect, comprising the 
step of annealing at a temperature of 280 to 450°C a 
multi-layered film composed of a primary layer of an 
NiO film formed on a substrate in which the plane 
(100) is predominantly oriented in parallel with the 
said substrate, and a multiplicity of units formed on 
said primary layer, each unit being composed of an 
Fe 3 0 4 layer and a CoO layer laminated with one on 
top of another, in which the plane (400) is predomi- 
nantly oriented in parallel with said substrate, the 
thickness of one unit is not more than 800 A, and the 
molar ratio of Co to Fe is between 0.10 and 0.32. 

In a 15th aspect aspect of the present invention, 
there is provided a process of producing a perpendic- 
ular magnetic film as defined in 7th aspect, compris- 
ing the step of annealing at a temperature of 280 to 
450°C a multi-layered film composed of a multiplicity 
of units formed on a substrate, each unit being com- 
posed of an Fe 3 0 4 layer and an oxide layer containing 
Co and Mn laminated with one on top of the other, in 
which the plane (400) is predominantly oriented in 
parallel with said substrate, the molar ratio of Mn to 
Co is between 0.01 and 0.25, the molar ratio of Co to 
Fe is between 0.01 and 0.32, and the thickness of one 
unit is not more than 130 A. 

In a 16th aspect aspect of the present invention, 
there is provided a process of producing a perpendic- 
ular magnetic film as defined in 1 0th aspect, compris- 
ing the step of annealing at a temperature of 280 to 
450°C a multi-layered film composed of a primary lay- 
er of an NiO film formed on a substrate in which the 
plane (100) is predominantly oriented in parallel with 
said substrate, and a multiplicity of units formed on 
said primary layer, each unit being composed of an 
Fe 3 0 4 layer and an oxide layer containing Co and Mn 
laminated with one on top of the other, in which the 
plane (400) is predominantly oriented in parallel with 
said substrate, the thickness of one unit is not more 
than 800 A, the molar ratio of Co to Fe is between 
0.1 0 and 0.32, and the molar ratio of Mn to Co is be- 
tween 0.01 and 0.25. 

Figs. 1 a to 1 c show X-ray diffraction spectra of 

multilayer films; 

Fig. 2 shows the relationship between the Fara- 
day rotational angle of a perpendicular magnetic 
film and the measuring wavelength; 
Fig. 3 shows the relationship between the optical 
absorption coefficient of a perpendicular magnet- 
ic film and the measuring wavelength; 
Fig. 4 shows the relationship between the figure 
of merit of a perpendicular magnetic film and the 
measuring wavelength; 

Fig. 5 shows the magnetization curve of the per- 
pendicular magnetic film obtained in Example 1; 
Fig. 6 shows the magnetization curve of the per- 
pendicular magnetic film obtained in Example 3; 
Fig. 7 shows the magnetization curve of the per- 
pendicular magnetic film obtained in Example 4; 



Fig. 8 shows X-ray diffraction spectrum of multi- 
layer films obtained in Example 7; 
Fig. 9 shows the magnetization curve of the per- 
pendicular magnetic film obtained in Example 8; 
5 Fig. 1 0 shows X-ray diffraction spectrum of multi- 

layer films obtained in Example 9; 
Fig. 11 shows X-ray diffraction spectrum of multi- 
layer films obtained in Example 10; 
Fig. 12 shows the magnetization curve of the per- 
10 pendicular magnetic film obtained in Example 10; 

A f irst embodiment of a perpendicular magnetic 
film according to the present invention is a Co-con- 
taining y-Fe 2 0 3 film formed on a substrate in which 
the plane (400) is predominantly oriented in parallel 
15 with the substrate, the Co content is 0.01 to 0.32 mol, 
preferably 0.05 to 0.30 mol, more preferably 0.1 to 
0.26 mol based on 1 mol of Fe, the spacing of the 
plane (400) is not more than 2.084 A, preferably 2.072 
to 2.082 A, and the optical absorption coefficient at 
20 700 nm is not more than 2.5 \im~\ preferably 0.5 to 
2.2 urn- 1 . 

If the molar ratio of Co to Fe is less than 0.01, it 
is difficult to obtain a spinel oxide film in which the 
plane (400) is predominantly oriented in parallel with 

25 the substrate. In order to facilitate the production of a 
spinel oxide film in which the plane (400) is predom- 
inantly oriented in parallel with the substrate, the mo- 
lar ratio of Co to Fe is preferably not less than 0.05. 
On the other hand, if the molar ratio of Co to Fe ex- 

30 ceeds 0.32, it is difficult to transform Fe 3 0 4 into y- 
Fe 2 0 3 at a temperature of not higher than 450°C. In 
addition, the optical absorption coefficient increases, 
so that the figure of merit is lowered. 

When the spacing of the plane (400) of a perpen- 

35 dicular magnetic film exceeds 2.084 A, the magnetos- 
trictive anisotropy is small, so that it is difficult to ob- 
tain a perpendicular magnetic film having a large co- 
ercive force. 

The thickness of a perpendicular magnetic film 

40 according to the present invention is 500 to 5,000 A. 

The first embodiment of a perpendicular magnet- 
ic film according to the present invention is produced 
by annealing a multi-layered film which is composed 
of a multiplicity of units formed on a substrate, each 

45 unit being composed of an Fe 3 0 4 layer and a CoO lay- 
er laminated with one on top of the other, and in which 
the plane (400) is predominantly oriented in parallel 
with the substrate, the thickness of one unit is not 
more than 1 30 A, preferably 30 to 1 00 A, and the mo- 

50 lar ratio of Co to Fe is between 0.01 and 0.32, prefer- 
ably between 0.05 and 0.30, more preferably be- 
tween 0.1 and 0.26, at a temperature of 280 to 450°C, 
preferably 290 to 400 °C. The annealing time is pre- 
ferably 0.8 to 5 hours. 

55 The multi-layered film as the precursor of a per- 

pendicular magnetic film of the present invention is 
composed of a multiplicity of units formed on a sub- 
strate, each unit being composed of an Fe 3 0 4 layer 
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and a CoO layer laminated with one on top of the 
other, and is obtained by a well-known method such 
as a reactive sputtering method in which metal targets 
(Fe and Co) are sputtered in an oxidizing atmosphere, 
a direct method in which an oxidized film is directly 5 
formed from sintered targets of Fe 3 0 4 and Co 3 0 4 , and 
a reactive evaporation method in which metals (Fe 
and Co) are evaporated in an oxidizing atmosphere. 

As the material of the substrate. usable in the 
present invention, a metal such as At, an Al alloy and 10 
. stainless steel; and a glass such as soda glass, bor- 
osilicate glass, barium borosilicate glass and alumi- 
nosilicate glass may be exemplified. The thickness of 
the substrate is 0.1 to 2 mm. 

in the multi-layered film of the present invention, 15 
the thickness of one unit is not more than 130 A, pre- 
ferably 30 to 1 00 A, and the molar ratio of Co to Fe is 
between 0.01 and 0.32. It is impossible to obtain a 
perpendicular magnetic film aimed at in the present 
invention, in case of using a multi-layered film in 20 
which the thickness of one unit exceeds 130 A or a 
multi-layered film in which the molar ratio of Co to Fe 
is less than 0.1 or more than 0.32. 

The multi-layered film of the present invention is 
composed of at least three units, preferably 5 to 150 25 
units, each unit being composed of an Fe 3 0 4 layer 
and a CoO layer laminated with one on top of the 
other. Since the thickness of a perpendicular magnet- 
ic film is about not more than 5000 A in practical use, 
the number of units is determined so as to produce a 30 
film of a desired thickness. 

The annealing temperature of the multi-layered 
film of the present invention is 280 to 450°C, prefer- 
ably 290 to 400 °C. If the annealing temperature is 
lower than 280°C, the transformation of Fe 3 0 4 into y- 35 
Fe 2 0 3 or diffusion of Co is insufficient for obtaining a 
perpendicular magnetic film of the present invention. 
If the annealing temperature exceeds 450°C, the 
transformation of y-Fe 2 0 3 into a-Fe 2 0 3 begins to be 
caused, so that it is impossible to produce a perpen- 40 
dicular magnetic film aimed at in the present inven- 
tion. 

In annealing, the transformation temperature for 
transforming Fe 3 0 4 intoy-Fe 2 0 3 is lowered by adding 
Cu to the film, as described in, for example, Japanese 45 
Patent Application Laid-Open (KOKAI) No. 57-54309 
(1982). It is possible to produce a similar effect by 
adopting this method in the present invention. An- 
nealing may be carried transformed Fe 3 0 4 into y- 
Fe 2 0 3 at a temperature of 240 to 320°C, and Co is 50 
then diffused at a temperature of 280 to 450°C. In this 
case, it is possible to suppress the production of a 
crack which is likely to be caused during the transfor- 
mation of Fe 3 0 4 into y-Fe 2 0 3 . 

What is the most important in the first embodi- 55 
ment is that the perpendicular magnetic film of the 
present invention is produced by annealing at a tem- 
perature of 280 to 450°C a multi-layered film, which 



is composed of a multiplicity of units formed on a sub- 
strate, each unit being composed of an Fe 3 0 4 layer 
and a CoO layer laminated with one on top of the 
other, and in which the plane (400) is predominantly 
oriented in parallel with the substrate, one unit is of 
not more than 130 A in thickness, and the molar ratio 
of Co to Fe is between 0.01 and 0.32. 

A second embodiment of a perpendicular mag- 
netic film of the present invention is composed of a 
primary layer of an NiO film formed on a substrate in 
which the plane (100) is predominantly oriented in 
parallel with the substrate, and a Co-containing y- 
Fe 2 0 3 film formed on the primary layer in which the 
plane (400) is predominantly oriented in parallel with 
the substrate, the molar ratio of Co to Fe is between 
0.10 and 0.32, preferably 0.10 to 0.26, the spacing of 
the plane (400) is not more than 2.084 A, preferably 
2.072 to 2.082 A, and the optical absorption coeffi- 
cient at 700 nm is not more than 2.5 u.nrr\ preferably 
0.5 to 2.2 urn- 1 . 

The thickness of the NiO layer as a primary layer 
is 500 to 2,000 A, and the thickness of the Co-con- 
taining y-Fe 2 0 3 film is 500 to 5,000 A. 

The second embodiment of a perpendicular mag- 
netic film is produced in the following methods. 

(i) An NiO layer as a primary layer in which the 
plane (100) is predominantly oriented in parallel 
with a substrate is formed on the substrate, and 
a Co-containing Fe 3 0 4 layer is formed on the pri- 
mary layer. In the Co-containing Fe 3 0 4 layer, the 
molar ratio of Co to Fe is between 0.10 and 0.32, 
preferably between 0.10 and 0.26. The two-laye- 
red film obtained is annealed at a temperature of 
280 to 450°C, preferably at 290 to 400°C, to form 
the perpendicular magnetic film composed of a 
Co-containing y-Fe 2 0 3 film and NiO layer. The 
annealing time is preferably 0.8 to 5 hours. 

(ii) A multi-layered film composed of an NiO layer 
as a primary layer formed on a substrate in which 
the plane (100) is predominantly oriented in par- 
allel with the substrate, and a multiplicity of units 
formed on the NiO layer, each unit being com- 
posed of an Fe 3 0 4 layer and a CoO layer lamin- 
ated with one other, in which the plane (100) is 
predominantly oriented in parallel with the sub- 
strate, one unit of the laminated films composed 
of Fe 3 0 4 layers and CoO layers is of not more 
than 800 A in thickness, preferably 30 to 500 A in 
thickness, and the molar ratio of Co to Fe is be- 
tween 0.10 and 0.32, preferably between 0.10 
and 0.26 is annealed at a temperature of 280 to 
450°C, preferably at 290 to 400°C. The annealing 
time is preferably 0.8 to 5 hours. The process for 
producing the perpendicular magnetic film from 
the multi-layered film described above is prefer- 
red in view of the perpendicular magnetic film 
having small grain size and a high S/N ratio. 

It is sometimes impossible to obtain a homogene- 
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ous Co-containing y-Fe 2 0 3 layer by using a laminated 
film composed of an Fe 3 0 4 layer and a CoO layer in 
which the thickness of one unit exceeds 800 A, since 
Co ions do not diffuse into a y-Fe 2 0 3 layer, sufficient- 
ly. Also, it is sometimes impossible to obtain a perpen- 5 
dicular magnetic film aimed at in the present invention 
by using a laminated film composed of an Fe 3 0 4 layer 
and a CoO layer, in which the molar ratio of Co to Fe 
is less than 0.10. 

The spacing of the plane (100) of the NiO layer 10 
as a primary layer of the second embodiment of a per- 
pendicular magnetic film is 2.090 A and the spacing 
of the plane (400) of the Co-containing y-Fe 2 0 3 layer 
is not more than 2.084 A. This means that the provi- 
sion of an NiO layer as a primary layer rather devel- is 
ops a tendency of increasing the perpendicular aniso- 
tropy as compared with the perpendicular anisotropy 
of a perpendicular magnetic film obtained by using 
ferrite having the spacing of the plane (400) larger 
than that of the NiO layer, as shown in Japanese Pa- 20 
tent Application Laid-Open (KOKAI) No. 5-166167, in 
addition to the tendency of accelerating the crystal- 
line orientation of the plane (400) of the Co-containing 
y-Fe 2 0 3 layer. 

A third embodiment of a perpendicular magnetic 25 
film according to the present invention is a Co-Mn- 
containing 7-Fe 2 0 3 film formed on a substrate in 
which the plane (400) is predominantly oriented in 
parallel with the substrate, the molar ratio of Co to Fe 
is 0.O1 to 0.32, preferably 0.10 to 0.26, the molar ratio 30 
of Mn to Co is 0.01 to 0.25, preferably 0.03 to 0.08, the 
spacing of the plane (400) is not more than 2.084 A, 
preferably 2.072 to 2.082 A, and the optical absorp- 
tion coefficient at 700 nm is not more than 2.5 iinrr 1 , 
preferably 0.5 to 2.2 urrr 1 . 35 

The thickness of the Co-Mn-containing y-Fe 2 0 3 
film is 500 to 5,000 A. 

The third embodiment of a perpendicular magnet- 
ic film according to the present invention is produced 
by annealing a multi-layered film comprising a multi- 40 
plicity of units formed on a substrate, each unit being 
composed of an Fe 3 0 4 layer and an oxide layer con- 
taining Co and Mn laminated with one on top of the 
other, in which the plane (400) is predominantly ori- 
ented in parallel with the substrate, the molar ratio of 45 
Mn to Co is between 0.01 and 0.25, preferably 0.03 
and 0.08, the molar ratio of Co to Fe is between 0.01 
and 0.32, preferably between 0.10 and 0.26, the 
thickness of one unit is not more than 130 A, prefer- 
ably 30 to 100 A, at a temperature of 280 to 450°C. so 
preferably 290 to400°C. The annealing time is prefer- 
ably 0.8 to 5 hours. 

A fourth embodiment of a perpendicular magnetic 
film of the present invention is composed of a primary 
layer of an NiO film formed on a substrate in which the 55 
plane (100) is predominantly oriented in parallel with 
the substrate and a Co-Mn-containing y-Fe 2 0 3 film 
formed on the primary layer in which the plane (400) 



is predominantly oriented in parallel with the sub- 
strate, the molar ratio of Co to Fe is between 0.10 and 
0.32, preferably between 0.10 and 0.26, the molar ra- 
tio of Mn to Co is between 0.01 and 0.25, preferably 
between 0.03 and 0.08, the spacing of the plane 
(400) is not more than 2.084 A, preferably 2.072 to 
2.082 A, and the optical absorption coefficient at 700 
nm is not more than 2.5 u.nrr 1 , preferably 0.5 to 22 
urrr 1 . 

The thickness of the NiO layer is 500 to 2,000 A, 
and the thickness of the Co-Mn-containing 7-Fe 2 0 3 
film is 500 to 5,000 A. 

The fourth embodiment of a perpendicular mag- 
netic film is produced in the following methods. 

(i) An NiO layer as a primary layer in which the 
plane (100) is predominantly oriented in parallel 
with a substrate is formed on the substrate, and 
a Co-Mn-containing Fe 3 0 4 layer is formed on the 
primary layer. In the Co-Mn-containing Fe 3 0 4 lay- 
er, the molar ratio of Co to Fe is between 0.1 0 and 
0.32, preferably between 0.1 0 and 0.26. The two- 
layered film obtained is annealed at a tempera- 
ture of 280 to 450°C, preferably at 290 to 400°C. 
The annealing time is preferably 0.8 to 5 hours. 

(ii) A multi-layered film composed of an NiO layer 
as a primary layer formed on a substrate in which 
the plane (100) is predominantly oriented in par- 
allel with the substrate, and a multiplicity of units 
formed on the NiO layer, each unit being com- 
posed of an Fe 3 0 4 layer and an oxide layers con- 
taining Co and Mn layer laminated wit h one on top 
of the other, in which the plane (400) is predom- 
inantly oriented in parallel with a substrate, one 
unit of the laminated layers composed of Fe 3 0 4 
layers and oxide layers containing Co and Mn is- 
of not more than 800 A in thickness, preferably 30 
to 500 A in thickness, the molar ratio of Co to Fe 
is between 0.10 and 0.32, preferably between 
0.1 0 and 0.26, and the molar ratio of Mn to Co is 
between 0.01 and 0.25, preferably between 0.03 
and 0.08, is annealed at a temperature of 280 to 
450°C, preferably at 290 to 400°C. The annealing 
time is preferably 0.8 to 5 hours. The process for 
producing the perpendicular magnetic film from 
the multi-layered film described above is prefer- 
red in view of the perpendicular magnetic film 
having a small grain size and a high S/N ratio. 
The present inventors have confirmed that it is 

impossible to obtain a perpendicular magnetic film 
aimed at in the present invention either by using a 
multi-layered film in which the plane (222) is predom- 
inantly oriented in parallel with the substrate in case 
where the thickness of one unit composed of Fe 3 0 4 
layer and the CoO layer exceeds 130 A even if the 
molar ratio of Co to Fe is in the range of 0.01 to 0.32, 
or by using a multi-layered film in which the molar ra- 
tio of Co to Fe is out of the range of 0.01 to 0.32 even 
if the thickness of one unit composed of Fe 3 0 4 layer 
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and CoO layer is not more than 130 A and the plane 
(400) is predominantly oriented in parallel with the 
substrate, as shown in Comparative Examples 1 and 
2 which will be described later and in Figs. 1a and 1b. 

The perpendicular magnetic film of the present s 
invention has a coercive force as large as not less 
than 3 kOe, preferably not less than 3.5 kOe, more 
preferably not less than 5 kOe, and a squareness as 
large as not less than 0.7, preferably not less than 
0.75. 10 

The reason why the perpendicular magnetic film 
of the present invention has a large coercive force is 
considered to be as follows. 

A conventional cobalt ferrite (CoFe 2 0 4 ) f ilm pro- 
duces a large coercive force by utilizing the crystal- is 
line magnetic anisotropy. In contrast, in the perpen- 
dicular magnetic film of the present invention, the 
plane (400) is predominantly oriented in parallel with 
the substrate, and the spacing of the plane (400) is 
not more than 2.084 A, preferably 2.072 to 2.082 A 20 
which is even smaller than 2.086 A which is the spac- 
ing of the plane (400) of Y-Fe 2 0 3 having the smallest 
spacing of all the spinel crystal structures mainly 
composed of Fe. 

From these facts, the present inventors consider 25 
that the mag netostri dive anisotropy due to the strain 
is imparted to the perpendicular magnetic film of the 
present invention in addition to the crystalline mag- 
netic anisotropy. 

It has been confirmed that the contraction of 30 
(400) spacing of the perpendicular magnetic film of 
the present invention is caused not by the shrinkage 
or the like of the substrate but due to the film itself 
from the fact that the spacing of the film produced by 
transforming a monolayer Fe 3 0 4 film (2000 A) in 35 
which the plane (222) is oriented in parallel with the 
same glass substrate as that of the perpendicular 
magnetic film of the present invention into a y-Fe 2 0 3 
film was 2.407 A, which is approximately the same as 
2.408 A of the bulk value. 40 

Although it is conventionally considered that by 
providing an NiO layer between a substrate and a re- 
cording layer, the perpendicular anisotropy is re- 
duced, since the spacing of the plane (400) of Co- 
containing y-Fe 2 0 3 layer is smaller than that of the 45 
plane (100) of NiO layer, the perpendicular anisotropy 
of a perpendicular magnetic film according to the 
present invention is rather increased. Accordingly, 
the squareness is also increased. 

In addition, it is possible to produce a recording 50 
layer not only by annealing a laminated film com- 
posed of a multiplicity of Fe 3 0 4 layers and CoO layers 
as a precursor, but also by annealing a Co-containing 
Fe 3 0 4 layer as a precursor. 

In the case of using a laminated film as a precur- 55 
sor, it is possible to make a large unit having a thick- 
ness of not more than 800 A, the production is facili- 
tated and the productivity is greatly enhanced. 



If Mn as well as Co is contained in a recording lay- 
er, the squareness is increased. Especially, when an 
NiO layer is provided as a primary layer and a Co-Mn- 
cqntaining y-Fe 2 0 3 is formed thereon, the tendency 
of increasing the squareness is prominent. 

The perpendicular magnetic film of the present 
invention has as large a Faraday rotational angle as 
conventional cobalt ferrite (CoFe 2 0 4 ) film, and has 
such a small optical absorption coefficient a especial- 
ly at a wavelength of 700 nm as 2.5 u.m-\ preferably 
0.5 to 2.2 urn- 1 , which results in a large figure of merit 
(2|e F |/a) at 700 nm. 

This will be explained in the following with refer- 
ence to drawings. 

Fig. 2 shows the relationship between the Fara- 
day rotational angles of the perpendicular magnetic 
films produced in Examples 1, 3 and 4 which are de- 
scribed later and the wavelength of measuring light. 
In Fig. 2, the curves a, b and c represent the Faraday 
rotational angles of the perpendicular magnetic films 
produced in Examples 1, 3 and 4, respectively. As 
shown in Fig. 2, the Faraday rotational angle with re- 
spect to light wavelength changes with a change in 
the ratio of cobalt and iron. The smaller is the ratio of 
Co to Fe, the shorter the frequency is at which the 
Faraday rotational angle changes from a negative val- 
ue to a positive value. In contrast, in the perpendicular 
magnetic film of the present invention, it is possible 
to freely control the Faraday rotational angle in cor- 
respondence with the light wavelength by varying the 
ratio of cobalt and iron. 

Fig. 3 shows the relationship between the optical 
absorption coefficients of perpendicular magnetic 
films according to the present invention and a con- 
ventional cobalt ferrite (CoFe 2 0 4 ) film, and the meas- 
uring wavelength of measuring light. 

In Fig. 3, the curves a, b and c represent the opt- 
ical absorption coefficients of the perpendicular mag- 
netic films produced in Examples 1, 3 and 4, respec- 
tively, and the broken line shows that of a convention- 
al cobalt ferrite (CoFe 2 0 4 ) film. 

The optical absorption coefficient of a conven- 
tional cobalt ferrite (CoFe 2 0 4 ) film is extracted and 
plotted from the description at p 773 of IEEE Trans- 
actions on Magnetics M AG-vol 12 (1976). 

As shown in Fig. 3, the optical absorption coeffi- 
cients of the perpendicular magnetic films of the pres- 
ent invention are much smaller than that of the con- 
ventional cobalt ferrite (CoFe 2 0 4 ) film. 

Fig. 4 shows the relationship between the figure 
of merits (2|e F |/a) of perpendicular magnetic films 
according to the present invention and a conventional 
cobalt ferrite film, and the measuring wavelength of 
measuring light 

In Fig. 4, the curves a, b and c represent the fig- 
ure of merits of the perpendicular magnetic films pro- 
duced in Examples 1, 3 and 4, respectively, and the 
broken line shows that of a conventional cobalt ferrite 
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(CoFe 2 0 4 ) film. The figure of merit of a conventional 
cobalt ferrite (CoFe 2 0 4 ) film is obtained by incorpor- 
ating the optical absorption coefficient shown in Fig. 
3 into the general formula of the figure of merit descri- 
bed in IEEE Transactions on Magnetics MAG-vol 12 5 
(1 976) and plotting the calculated values. 

As shown in Fig. 4, the perpendicular magnetic 
film of the present invention has a small optical ab- 
sorption coefficient and, hence, a large figure of mer- 
it. The perpendicular magnetic film of the present in- 10 
vention is therefore suitable as a magneto-optical re- 
cording medium. 

In the perpendicular magnetic film of the present 
invention, the spacing of the plane (400) is not more 
than 2.084 A. As to the magnetic characteristics 15 
thereof, the saturation magnetization is not less than 
270 emu/cc, preferably not less than 330 emu/cc, the 
coercive force is not less than 4.0 kOe, preferably not 
less than 4.5 kOe, and the squareness is not less 
than 0.7, preferably not less than 0.75. The optical ab- 20 
sorption coefficient thereof at 700 nm is not more 
than 2.5 u.m-\ preferably 0.5 to 2.2 ^rrr 1 , and the fig- 
ure of merit at 700 nm is not less than 1 .0, preferably 
not less than 2.0. 

In the perpendicular magnetic film of the present 25 
invention which uses an NiO layer as a primary layer, 
the spacing of the plane (400) is not more than 2.084 
A, the saturation magnetization is not less than 270 
emu/cc, preferably not less than 326 emu/cc, the co- 
ercive force is not less than 3.0 kOe, preferably not 30 
less than 5.0 kOe, the squareness is not less than 
0.75, preferably not less than 0.80, the optical ab- 
sorption coefficient thereof at 700 nm is not more 
than 2.2 jirrr 1 , preferably not more than 1.9 nnrr 1 , and 
the f igure of merit at 700 nm is not less than 1 .0, pre- 35 
ferably not less than 2.0. 

In the perpendicular magnetic film of the present 
invention comprising Co-Mn-containing y-Fe 2 0 3 lay- 
er, the spacing of the plane (400) is not more than 
2.084 A, the saturation magnetization is not less than 40 
270 emu/cc, preferably not less than 330 emu/cc, the 
coercive force is not less than 4.5 kOe, preferably not 
less than 5.0 kOe, the squareness is not less than 
0.75, preferably not less than 0.80, the optical. ab- 
sorption coefficient thereof at 700 nm is not more 45 
than 2.2 p-m- 1 , preferably not more than 1.9 um-\ and 
the figure of merit at 700 nm is not less than 1.0, pre- 
ferably not less than 2.0. 

In the perpendicular magnetic film of the present 
invention comprising Co-Mn-containing Y-Fe 2 0 3 layer so 
which uses an NiO layer as a primary layer, the spac- 
ing of the plane (400) is not more than 2.084 A, the 
saturation magnetization is not less than 270 emu/cc, 
preferably not less than 330 emu/cc, the coercive 
force is not less than 4.0 kOe, preferably not less than 55 
5.0 kOe, the squareness is not less than 0.85, prefer- 
ably not less than 0.90, the optical absorption coeffi- 
cient thereof at 700 nm is not more than 2.2 \irrr\ pre- 



ferably not more than 1 .9 unr 1 , and the figure of merit 
at 700 nm is not less than 1 .0, preferably not less than 
2.0. 

Since the perpendicular magnetic film of the 
present invention comprises a Co-containing -y-Fe 2 0 3 
film which has an excellent oxidation resistance, an 
excellent corrosion resistance, a large coercive force, 
a large squareness, a large Faraday rotation angle G F 
and a small optical absorption coefficient a, and 
hence, a large figure of merit, the film is especially 
suitable as a magneto-optical recording medium. 

According to a method of producing a perpendic- 
ular magnetic film of the present invention, it is not 
necessary to heat the substrate to not less than 
300°C during film formation in a vacuum, and it is pos- 
sible to produce a perpendicular magnetic film by an- 
nealing at a low temperature such as less than 500°C. 
The method of the present invention is therefore very 
advantageous both industrially and economically. 

Examples 

The present invention will be explained in more 
detail hereinunder with reference to the following ex- 
amples and comparative examples. 

In the following examples and comparative ex- 
amples, the magnetic characteristics were measured 
by using a "Vibration sample magnetometer VSM-3S- 
1 5", produced by Toei Kogyo K.K. The wavelength de- 
pendency of the Faraday rotation angle was meas- 
ured by a "spectral Kerr Faraday measuring appara- 
tus BH-M800", produced by Nihon Kagaku Engineer- 
ing K.K. 

The crystalline orientation was examined by the 
X-ray diffraction spectrum obtained by using an X-ray 
diffraction apparatus, rotating anode type RIGAKU 
RU 300" (wavelength: 1.5418 A, ordinary output 50 
kv/240 nmA), produced by Rigaku Denki K.K. 

The optical absorption coefficient was expressed 
by the value measured by a multi-purpose recording 
spectrophotometer MPS 2000 produced by Shimazu 
Seisakusho Ltd. 

The figure of merit was expressed by the value 
calculated from the general formula 2 1 9 F I /a by in- 
serting the measured value of the optical absorption 
coefficient thereinto. 

Example 1 

In a high-frequency high-rate sputtering device 
SH-250H-T06(manufactured by Nippon Shinku 
Corp.) a glass substrate was placed with a distance 
of 80 mm from an Fe target and a Co target and the 
substrate temperature was held at a temperature of 
280°C. Reactive sputtering was first carried out by us- 
ing the Fe target in an atmosphere of argon and oxy- 
gen under a partial oxygen pressure of 0.11 mTorr 
and the total pressure of 5 mTorr at a deposition rate 
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of 40 A/min, thereby forming a spinel Fe 3 Q 4 film on 
the glass substrate to a thickness oteQ Aas~ affnst )ay r 
er. The shutter was next rotated to form a spinel CoO 
film to a thickness of 7 A as a second layer by spu t- 
tering the Co target at a deposition rate of 42 A/min. ~~ s 
The first layer and the second layer constituted one 
unit having a thickness of 47 A. The molar ratio of Co 
to-Ee.in one unit was 0.26. T hese operations were al- 
ternately repeated 100 times to obtain a laminated 
film composed of 50 layers of spinel Fe 3 0 4 films each 10 
having a thickness of 40 A, and 50 layers of spinel 
CoO films each having a thickness of 7 A. The making 
power at the time of film formation was 300 W on the 
Fe side and 300 W on the Co side. In the thus- 
obtained multi-layered film, the plane (400) was pre- is 
dominantly oriented in parallel with the substrate, as 
shown in the X-ray diffraction spectrum in Fig. 1(c). 

The multi-layered film was annealed in the air at 
a temperature of 450°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 0 3 and diffuse Co, thereby producing 20 
a Co-containing y-Fe 2 0 3 film. As a result of the X-ray 
diffraction of the Co-containing y-Fe 2 0 3 f ilm obtained, 
the plane (400) was proved to predominantly orient in 
parallel with the substrate. The magnetization curve 
of the film is shown in Fig 5. In Fig. 5, the solid line a 25 
shows the magnetization curve of the film to which a 
magnetic field was applied in the perpendicular direc- 
tion, and the broken line b shows the magnetization 
curve of the film to which a magnetic field was applied 
in the in-plane direction. As shown in Fig. 5, since the 30 
residual magnetization and the coercive force of the 
solid line a were larger than those of the broken line 
b, the film was recognized as a perpendicular mag- 
netic film. As to the magnetic characteristics of the 
perpendicular magnetic film, the saturation magneti- 35 
zation was 340 emu/cc (4250 G), the_coercive force 
.was 5.4 kOe an d the squareness was 0.75. The spac- 
ing of the plane (400) was 2.082 A, the optical absorp- 
tion coefficient at 700 nm was 1 .9 urn -1 and the figure 
of merit at 700 nm was 4.0. Thus, t he film was proved 40 
to be a good perpendicular magnetic film. 

Example 2 

The multi-layered film obtained in the same way 45 
as in Example 1 was annealed in the air at a temper- 
ature of 400°C for one hour so as to oxidize Fe 3 0 4 into 
y-Fe 2 0 3 and diffuse Co, thereby producing a Co-con- 
taining y-Fe 2 0 3 film. As a result of the X-ray diffraction 
of the Co-containing y-Fe 2 0 3 film obtained, the plane 50 
(400) was proved to predominantly orient in parallel 
with the substrate. From the observation of the mag- 
netization curve of the film, it was found that the re- 
sidual magnetization and the coercive force of the 
film to which a magnetic field was applied in the per- 55 
pandicular direction were larger than those of the film 
to which a magnetic field was applied in the in-plane 
direction. Thus, the film was recognized as a perpen- 



dicular magnetic film. As to the magnetic v -r.-ieris- 
tics of the perpendicular magnetic film, the sg-u ration 
magnetization was 342 emu/cc (4300 G), the coer- 
cive force was 6.7 kOe and the squareness was 0.76. 
The spacing of the plane (400) was 2.075 A, the opt- 
ical absorption coefficient at 700 nm was 1.9 u,rrr 1 
and the figure of merit at 700 nm was 4.0. Thus, the 
film was proved to be a good perpendicular magnetic 
film. 

Example 3 

Reactive sputtering was first carried out by using 
an Fe target in an atmosphere of argon and oxygen 
under a partial oxygen pressure of 0.11 m Tor rand the 
total pressure of 5 mTorr at a deposition rate of 40 
A/min, thereby forming a spinel Fe 3 0 4 film on the 
glass substrate which was held at 200°C to a thick- 
ness of 40 A as a first layer. The shutter was next ro- 
tated to form a spinel CoO film to a thickness of 5 A 
as a second layer by sputtering the Co target at a de- 
position rate of 28 A/min. The first layer and the sec- 
ond layer constituted one unit having a thickness of 
45 A. The molar ratio of Co to Fe in one unit was 0.1 9. 
These operations were alternately repeated 100 
times to obtain a laminated film composed of 50 lay- 
ers of spinel Fe 3 0 4 films each having a thickness of 
40 A, and 50 layers of spinel CoO films each having 
a thickness of 5 A. The making power at the time of 
film formation was 300 W on the Fe side and 200 W 
on the Co side. In the thus-obtained multi-layered 
film, the plane (400) was predominantly oriented in 
parallel with the substrate. 

The multi-layered film was annealed in the air at 
a temperature of 400°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 O s and diffuse Co, thereby producing 
a Co-containing y-Fe 2 0 3 film. As a result of the X-ray 
drf fraction of the Co-containing y-Fe 2 0 3 film obtained, 
the plane (400) was proved to predominantly orient in 
parallel with the substrate. The magnetization curve 
of the film is shown in Fig. 6. In Fig. 6, the solid line 
a shows the magnetization curve of the film to which 
a magnetic field was applied in the perpendicular di- 
rection, and the broken line b shows the magnetiza- 
tion curve of t he f ilm to which a magnetic field was ap- 
plied in the in-plane direction. As shown in Fig. 6, 
since the residual magnetization and the coercive 
force of the solid line a were larger than those of the 
broken line b, the film was recognized as a perpen- 
dicular magnetic film. As to the magnetic characteris- 
tics of the perpendicular magnetic film, the saturation 
magnetization was 350 emu/cc (4400 G), the coer- 
cive force was 5.2 kOe and the squareness was 0.78. 
The spacing of the plane (400) was 2.081 A, the opt- 
ical absorption coefficient at 700 nm was 0.8 pm- 1 
and the figure of merit at 700 nm was 7.4. Thus, the 
film was proved to be a good perpendicular.magnetic 
film. 
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Example 4 

Reactive sputtering was first carried out by using 
an Fe target in an atmosphere of argon and oxygen 
under a partial oxygen pressure of 0.11 mTorr and the 
total pressure of 5 mTorr at a deposition rate of 40 
A/min, thereby forming a spinel Fe 3 0 4 fteion the 
glass substrate which was held at a temperature of 
1 60°C to a thickness of 62 A as a first layer. The shut- 
ter was next rotated to form a spinel CoO film to a 
thickness of 4 A as a second layer by sputtering the 
Co target at a deposition rate of 28 A/min. The first lay- 
er and the second layer constituted one unit having a 
thickness of 66 A. The molar ratio of C otoFe in one 
unit was 0.09 . These operations wereaiternately i 
peated 1 00 timesHb obtain a laminated film composed 
of 50 layers of spinel Fe 3 0 4 films each having a thick- 
ness of 62 A, and 50 layers of spinel CoO films each 
having a thickness of 4 A. The making power at the 
time of film formation was 300 W on the Fe side and 
200 W on the Co side. In the thus-obtained multi- 
layered film, the plane (400) was predominantly ori- 
ented in parallel with the substrate. 

The multi-layered film was annealed in the air at 
a temperature of 350°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 0 3 and diffuse Co, thereby producing 
a Co-containing y-Fe 2 0 3 film. As a result of the X-ray 
diffraction of the uo-containmg y-Fe 2 0 3 f ilm obtained, 
the plane (400) was proved to predominantly orient in 
parallel with the substrate. The magnetization curve 
of the film is shown in Fig. 7. In Fig. 7, the solid line 
a shows the magnetization curve of the film to which 
a magnetic field was applied in the perpendicular di- 
rection, and the broken line b shows the magnetiza- 
tion curve of the film to which a magnetic field was ap- 
plied in the in-plane direction. As shown in Fig. 7, 
since the residual magnetization and the coercive 
force of the solid line a were larger than those of the 
broken line b, the film was recognized as a perpen- 
. dicular magnetic film. As to the magnetic characteris- 
tics of the perpendicular magnetic film, the saturation 
magnetization was 350 emu/cc (4400 G), the coer- 
cive fo rce was 5.3 kOe and the squareness was 0.78. 
The spacing of the plane (400) was 2.077 A, the opt- 
ical absorption coefficient at 700 nm was 1 .2 uirr 1 
and the figure of merit at 700 nm was 3.8. Thus, the 
film was proved to be a good perpendicular magnetic 
film. 

Example 5 

A multi-layered film was produced in the same 
way as in Example 1 except that the laminated film 
was composed of 15 layers of spinel Fe 3 0 4 films and 
1 5 layers of spinel CoO films (total thickness: 700 A). 

The multMayer film was annealed in the air at a 
temperature of 400°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 0 3 and diffuse Co, thereby producing 



a Co-containing y-Fe 2 0 3 film. As a result of the X-ray 
diffraction of the Co-containing y-Fe 2 0 3 film obtained, 
the plane (400) was proved to predominantly orient in 
parallel with the substrate. From the observation of 
5 the magnetization curve of the film, it was found that 
the residual magnetization and the coercive force of 
the film to which a magnetic field was applied in the 
perpendicular direction were larger than those of the 
film to which a magnetic field was applied in the in- 
to plane direction. Thus, the laminated film was recog- 
nized as a perpendicular magnetic film. As to the 
magnetic characteristics of the perpendicular mag- 
netic film, the saturation magnetization was 318 
emu/cc (4000 G), the coercive force was 5.7 kOe and 
15 the squareness was 0.75. The spacing of the plane 
(400) was 2.076 A, the optical absorption coefficient 
at 700 nm was 1 .7 prrr 1 and the figure of merit at 700 
nm was 4.1. Thus, the film was proved to be a good 
perpendicular magnetic film in spite of the very thin 
20 film thickness. 

Example 6 

A multi-layered film produced in the same way as 

25 in Example 4 was annealed in the air at a temperature 
of 300°C for 2 hours so as to oxidize Fe 3 0 4 into y- 
Fe 2 0 3 and diffuse Co, thereby producing a Co-con- 
taining y-Fe 2 C 3 f ilm. As a result of the X-ray diffraction 
of the Co-containing y-Fe 2 0 3 film obtained, the plane 

30 (400) was proved to predominantly orient in parallel 
with the substrate. From the observation of the mag- 
netization curve of the film, it was found that the re- 
sidual magnetization and the coercive force of the 
film to which a magnetic field was applied in the per- 

35 pendicular direction were larger than those of the film 
to which a magnetic field was applied in the in-plane 
direction. Thus, the film was recognized as a perpen- 
dicular magnetic film. As to the magnetic characteris- 
tics of the perpendicular magnetic film, the saturation 

40 magnetization was 350 emu/cc (4400 G), the coer- 
cive force was 4.5 kOe and the squareness was 0.74. 
The spacing of the plane (400) was 2.079 A, the opt- 
ical absorption coefficient at 700 nm was 1.4 urn- 1 , 
and the figure of merit at 700 nm was 3.7. Thus, the 

45 f ilm was proved to be a good perpendicular magnetic 
film in spite of the very thin film thickness. 



Comparative Example 1 

A multi-layered film was produced in the same 
way as in Example 1 except that the thickness of the 
spinel Fe 3 0 4 film was 130 A, that the thickness i of the 
spinel CoO film was 24 A (the molar ratio of Co to Fe 
was 0.28), that the thickness of one unit was 154 A, 
and that the film was composed of 30 layers of spinel 
Fe 3 0 4 films and 30 layers of spinel CoO films. The X- 
ray diffraction spectrum of the multi-layered film ob- 
tained is shown in Fig. 1a. As shown in Fig. 1a, the 
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plane (222) was proved to predominantly orient in par- 
allel with the substrate. 

By using the multi-layered film obtained, a spinel 
oxide film was produced in the same way as in Exam- 
ple 1 . As a result of the X-ray diffraction of the spinel 
oxide film obtained, the plane (222) was proved to 
predominantly orient in parallel with the substrate. 
From the observation of the magnetization curve of 
the spinel oxide film, it was found that the residual 
magnetization and the coercive force of the film to 
which a magnetic field was applied in the in-plane di- 
rection were larger than those of the film to which a 
magnetic field was applied in the perpendicular direc- 
tion. Thus, it was proved that the film was not a per- 
pendicular magnetic film. 

Comparative Example 2 

A multi-layered film was produced in the same 
way as in Example 1 except that the thickness of the 
spinel Fe 3 0 4 film was 36 A, that the thickness of the 
spinel CoO film was 17 A (the molar ratio of Co to Fe 
was 0.69), that the thickness of one unit was 53 A, 
and that the film was composed of 60 layers of spinel 
Fe 3 0 4 films and 60 layers of spinel CoO films. The X- 
ray diffraction spectrum of the multi-layered film ob- 
tained is shown in Fig. 1b. As shown in Fig. 1b, the 
plane (400) was proved to predominantly orient in par- 
allel with the substrate. 

By using the multi-layered film obtained, a spinel 
oxide film was produced in the same way as in Exam- 
ple 1 . As a result of the X-ray diffraction of the spinel 
oxide film obtained, the plane (400) was proved to 
predominantly orient in parallel with the substrate. 
From the observation of the magnetization curve of 
the spinel oxide film, it was found that the residual 
magnetization and the coercive force of the film to 
which a magnetic field was applied in the in-plane di- 
rection were larger than those of the film to which a 
magnetic field was applied in the perpendicular direc- 
tion. Thus, it was proved that the film was not a per- 
pendicular magnetic film. 

Example 7 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Nihon Shinku Corp.) 
a glass substrate was placed with a distance of 80 mm 
from an Ni target at room temperature. Reactive sput- 
tering was first carried out by using the Ni target in an 
atmosphere of argon and oxygen under a partial oxy- 
gen pressure of 0.11 mTorr and the total pressure of 
5 mTorr at a deposition rate of 40 A/min, thereby form- 
ing an NaCI-type NiO film on the glass substrate to a 
thickness of 1 000 A as a primary layer. As a result of 
the X-ray diffraction of the NiO film obtained, the 
plane (1 00) was proved to predominantly orient in par- 
allel with the substrate. A multi-layered film was pro- 



duced on the NiO film in the same way as in Example 
1 except that the thickness of the spinel Fe 3 0 4 film 
was 390 A, that the thickness of the spinel CoO film 
was 72 A (the molar ratio of Co to Fe was 0.26), that 

5 the thickness of one unit was 462 A, and that the lam- 
inated film was composed of 5 layers of spinel Fe 3 0 4 
films and 5 layers of spinet CoO films. 

The X-ray diffraction spectrum of the multi-laye- 
. red film obtained is shown in Fig. 8. As shown in Fig. 

10 8, the plane (400) was proved to predominantly orient 
in parallel with the substrate. 

The multi-layered film was annealed in the air at 
a temperature of 400°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 0 3 and diffuse Co, thereby producing 

15 a Co-containing y-Fe 2 0 3 film having the NiO film as 
the primary layer. As a result of the X-ray diffraction 
of the Co-containing Y-Fe 2 0 3 film obtained, the plane 
(400) was proved to predominantly orient in parallel 
with the substrate. From the observation of the mag- 

20 netization curve of the Co-containing y-Fe 2 0 3 , the 
film was recognized as a perpendicular magnetic film. 
As to the magnetic characteristics of the perpendicu- 
lar magnetic film, the saturation magnetization was 
350 emu/cc (4400 G), the coercive force was 5.4 kOe 

25 and the squareness was 0.81. The spacing of the 
plane (400) was 2.081 A, the optical absorption coef- 
ficient at 700 nm was 1 .9 um- 1 . and the figure of merit 
at 700 nm was 4.0. Thus, the film was proved to be a 
good perpendicular magnetic film. 

30 

Example 8 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Nihon Shinku Corp.) 

35 a glass substrate was placed with a distance of 80 
mm from targets and the substrate temperature was 
held at a temperature of 280°C. Reactive sputtering 
was first carried out by using an Fe target in an atmos- 
phere of argon and oxygen under a partial oxygen 

40 pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a spinel Fe 3 0 4 film on the glass substrate to a 
thickness of 400 A as a first layer. The shutter was 
next rotated to form an oxide layer containing Co and 

45 Mn (the molar ratio of Mn to Co was 0.08) to a thick- 
ness of 8 A as a second layer by sputtering at a de- 
position rate of 42 A/min. The first layer and the sec- 
ond layer constituted one unit having a thickness of 
48 A. The molar ratio of Co to Fe in one unit was 0.26. 

so These operations were alternately repeated 100 
times to obtain a laminated film composed of 50 lay- 
ers of spinel Fe 3 0 4 films each having a thickness of 
40 A, and 50 layers of oxide layers containing Co and 
Mn each having a thickness of 8 A. The making power 

55 at the time of film formation was 300 Won the Fe side 
and 300 W on the Co-Mn side. As a result of the X- 
ray diffraction of the thus-obtained multi-layer film, 
the plane (400) was proved to predominantly orient in 
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parallel with the substrate. 

The multi-layered film was annealed in the air at 
a temperature of 450°C for one hour so as to oxidize 
Fe 3 0 4 into y-Fe 2 0 3 and diffuse Co and Mn, thereby 
producing a Co-Mn-containing y-Fe 2 0 3 film. As a re- 
sult of the X-ray diffraction of the Co-Mn-containing 
y-Fe 2 0 3 film obtained, the plane (400) was proved to 
predominantly orient in parallel with the substrate. 
The magnetization curve of the Co-Mn-containing y- 
Fe 2 0 3 film is shown in Fig. 9. In Fig. 9, the solid line 
a shows the magnetization curve of the film to which 
a magnetic field was applied in the perpendicular di- 
rection, and the broken line b shows the magnetiza- 
tion curve of the film to which a magnetic field was ap- 
plied in the in-plane direction. As shown in Fig. 9, 
since the residual magnetization and the coercive 
force of the solid line a were larger than those of the 
broken line b, the film was recognized as a perpen- 
dicular magnetic film. As to the magnetic characteris- 
tics of the perpendicular magnetic film, the saturation 
magnetization was 340 emu/cc (4250 G), the coer- 
cive force was 6.3 kOe and the squareness was 0.90. 
The spacing of the plane (400) was 2.082 A, the opt- 
ical absorption coefficient at 700 nm was 2.1 u.mri 
and the figure of merit at 700 nm was 2.9. Thus, the 
film was proved to be a good perpendicular magnetic 
film. 

Example 9 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Nihon Shinku Corp.) 
a glass substrate was placed with a distance of 80 mm 
from an Ni target at room temperature. Reactive sput- 
tering was first carried out by using the Ni target in an 
atmosphere of argon and oxygen under a partial oxy- 
gen pressure of 0.11 mTorr and the total pressure of 
5 mTorr at a deposition rate of 40 A/min, thereby form- 
ing an NaCI-type NiO film on the glass substrate to a 
thickness of 1000 A as a primary layer. As a result of 
the X-ray diffraction of the NiO film obtained, the 
plane (1 00) was proved to predominantly orient in par- 
allel with the substrate. A multi-layered was formed 
on the NiO film in the same way as in Example 1 ex- 
cept that a spinel Fe 3 0 4 film having a thickness of 200 
A and an oxide layer containing Co and Mn (the molar 
ratio of Mn to Co was 0.08) and having a thickness of 
41 A constituted one unit having a thickness of 241 A, 
that the molar ratio of Co to Fe in one unit was 0.26, 
and that the laminated film was composed of 10 lay- 
ers of spinel Fe 3 0 4 films each having a thickness of 
200 A and 10 layers of oxide layer containing Co and 
Mn having a thickness of 41 A. 

The X-ray diffraction spectrum of the multi-laye- 
red film obtained is shown in Fig. 10. As shown in Fig. 
10, the plane (400) was proved to predominantly ori- 
ent in parallel with the substrate. 

The multi-layered film was annealed in the air at 



a temperature of 400°C for one hour so as to produce 
a Co-Mn-containing y-Fe 2 0 3 film having the NiO film 
as the primary layer. As a result of the X-ray diffrac- 
tion of the film obtained, the plane (400) was proved 
5 to predominantly orient. in parallel with the substrate. 
From the observation of the magnetization curve of 
the film, the film was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic f ilm, the saturation mag- 
to netization was 346 emu/cc (4350 G), the coercive 
force was 6.3 kOe and the squareness was 0.95. The 
spacing of the plane (400) was 2.081 A, the optical 
absorption coefficient at 700 nm was 2.1 u-rrr 1 and 
the figure of merit at 700 nm was 2.9. Thus, the film 
15 was proved to be a good perpendicular magnetic film. 

Example 10 

In a high-frequency high-rate sputtering device 
20 SH-250H-T06 (manufactured by Nihon Shinku Corp.) 
a glass substrate was placed with a distance of 80 
mm from an Ni target and the substrate temperature 
was held at 25 to 1 00 °C. Reactive sputtering was f irst 
carried out by using the Ni target in an atmosphere of 
25 argon and oxygen under a partial oxygen pressure of 
0.11 mTorr and the total pressure of 5 mTorr at a de- 
position rate of 40 A/min, thereby forming an NaCI- 
type NiO film on the glass substrate to a thickness of 
1 000 A as a primary layer. As a result of the X-ray dif- 
30 fraction of the NiO film obtained, the plane (1 00) was 
proved to predominantly orient in parallel with the 
substrate. A monolayer of Co-containing Fe 3 0 4 film 
(the molar ratio of Co to Fe was measured to be 0.26 
as a result of composition analysis) having a thick- 
35 ness of 2000 A was formed on the NiO film by sput- 
tering an Fe-Co alloy target in an atmosphere of argon 
and oxygen under a partial oxygen pressure of 0.10 
mTorr and the total pressure of 5 mTorr at a deposi- 
tion rate of 40 A/min. The making power at the time 
40 of film formation was 300 W. The X-ray diffraction 
spectrum of the monolayer film obtained is shown in 
Fig. 11. As shown in Fig. 11, the plane (400) was 
proved to predominantly orient in parallel with the 
substrate. When the magnetization curve of Co-con- 
45 taining Fe 3 0 4 film was measured, the film was recog- 
nized as an in-plane magnetic film. 

The monolayer film was annealed in the air at a 
temperature of 400°C for 2 hours so as to produce a 
Co-containing y-Fe 2 0 3 film having the NiO film as the 
50 primary layer. As a result of the X-ray diffraction of the 
film obtained, the plane (400) was proved to predom- 
inantly orient in parallel with the substrate. The mag- 
netization curve of the Co-containing y-Fe 2 0 3 film is 
shown in Fig. 1 2. In Fig. 1 2, the solid line a shows the 
55 magnetization curve of the film to which a magnetic 
field was applied in the perpendicular direction, and 
the broken line b shows the magnetization curve of 
the film to which a magnetic field was applied in the 
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in-plane direction. As shown in Fig. 12, since the re- 
sidual magnetization and the coercive force of the 
solid line a were larger than those of the broken line 
b, it was proved that the monolayer of Co-containing 
Fe 3 0 4 film was transformed into a perpendicular mag- 5 
netic film (Co-containing Fe 3 0 4 was transformed into 
Co-containing r-Fe 2 0 3 ) by annealing. As to the mag- 
netic characteristics of the perpendicular magnetic 
film, the saturation magnetization was 358 emu/cc 
(4200 G), the coercive force was 5.4 kOe and the 10 
squareness was 0.82. The spacing of the plane (400) 
was 2.082 A, the optical absorption coefficient at 700 
nm was 1.9 jim- 1 and the figure of merit at 700 nmwas 
4.0. Thus, the film was proved to be a good perpen- 
dicular magnetic film. 15 



magnetic film, comprising a primary layer of an 
NiO film formed on a substrate, in which the 
plane (100) is predominantly oriented in parallel 
with said substrate; and a plurality of units 
formed on said primary layer, each unit compris- 
ing an Fe 3 0 4 layer and a CoO layer laminated one 
on top of the other, in which the plane (400) is 
predominantly oriented in parallel with said sub- 
strate, the thickness of each unit is not more than 
800 A, and the molar ratio of Co to Fe is from 
0.10:1 to 0.32:1. 

7. A film according to claim 5 which is obtainable by 
annealing a multi-layered film as defined in claim 
6 at 280 to 450°C. 



Claims 

1. A perpendicular magnetic film comprising a Co- 20 
containing y-Fe 2 0 3 film formed on a substrate, in 
which the plane (400) is predominantly oriented 

in parallel with said substrate, the molar ratio of 
Co to Fe is from 0.01:1 to 0.32:1, the spacing of 
said plane (400) is not more than 2.084 A, and the 25 
optical absorption coefficient at 700 nm is not 
more than 2.5 uirr 1 . 

2. A film according to claim 1 wherein said Co-con- 
taining y-Fe 2 0 3 film contains 0.01 to 0.25 mol of 30 
Mn based on 1 mol of Co. 

3. A multi-layered film suitable for a perpendicular 
magnetic film, comprising a plurality of units 
formed on a substrate, each unit comprising an 35 
Fe 3 0 4 layer and a CoO layer laminated one on top 

of the other, in which the plane (400) is predom- 
inantly oriented in parallel with said substrate, the 
thickness of each unit is not more than 130 A and 
t he molar ratio of Co to Fe is from 0.01:1 to 0.32:1. 40 

4. A film according to claim 1 or 2 which is obtain- 
able by annealing a multi-layered film as defined 
in claim 3 at 280 to 450°C. 

45 

5. A perpendicular magnetic film comprising: a pri- 
mary layer of an NiO film formed on a substrate. 
in which the plane (100) is predominantly orient- 
ed in parallel with said substrate; and a Co-con- 
taining y-Fe 2 0 3 film formed on said primary layer, 50 
in which the plane (400) is predominantly orient- 
ed in parallel with said substrate, the molar ratio 

of Co to Fe is from 0.10:1 to 0.32:1, the spacing 
of said plane (400) is not more than 2.084 A, and 
the optical absorption coefficient at 700 nm is not 55 
more than 2.5 nm~ 1 . 

6. A multi-layered film suitable for a perpendicular 



8. A multi-layered film suitable for a perpendicular 
magnetic film, comprising a plurality of units 
formed on a substrate, each unit comprising an 
Fe 3 0 4 layer and an oxide layer containing Co and 
Mn laminated one on top of the other, in which the 
plane (400) is predominantly oriented in parallel 
with said substrate, the molar ratio of Mn to Co is 
from 0.01 :1 to 0.25:1 , the molar ratio of Co to Fe 
is from 0.01 : 1 to 0.32:1 , and the thickness of each 
unit is not more than 130 A. 

9. A film according to claim 7 which is obtainable by 
annealing a multi-layered film as defined in claim 
8 at 280 to 450°C. 

10. A perpendicular magnetic film comprising: a pri- 
mary layer of an NiO film formed on a substrate, 
in which the plane (100) is predominantly orient- 
ed in parallel with said substrate; and a Co-Mn- 
containing y-Fe 2 0 3 film formed on said primary 
layer, in which the plane (400) is predominantly 
oriented in parallel with said substrate, the molar 
ratio of Co to Fe is from 0. 1 0: 1 to 0.32: 1 , t he molar 
ratio of Mn to Co is from 0.01:1 to 0.25:1, the 
spacing of said plane (400) is not more than 2.084 
A, and the optical absorption coefficient at 700 
nm is not more than 2.5 urn -1 . 

11. A multi-layered film suitable for a perpendicular 
magnetic film, comprising a primary layer of an 
NiO film formed on a substrate, in which the 
plane (100) is predominantly oriented in parallel 
with said substrate; and a plurality of units 
formed on said primary layer, each unit compris- 
ing an Fe 3 0 4 layer and an oxide layer containing 
Co and Mn laminated one on top of the other, in 
which the plane (400) is predominantly oriented 
in parallel with said substrate, the thickness of 
each unit is not more than 800 A, the molar ratio 
of Co to Fe is from 0. 1 0: 1 to 0.32: 1 , and t he molar 
ratio of Mn to Co is from 0.01:1 to 0.25:1. 
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12. A film according to claim 10 which is obtainable 
by annealing a multi-layered film as defined in 
claim 11 at 280 to450°C. 

1 3. A process for producing a film as defined in claim 5 
4, 7, 9 or .12 which comprises annealing at 280 to 
450°C a f Dm as defined in claim 3, 6, 8 or 11 re- 
spectively. 

10 
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FIG.4 




WAVELENGTH (nm) 



FIG.5 



MAGNETIZATION M (emu/cc) 





-400 Q 










/ / 
/ / 
/ / 

15 -10 -5/ / 

J 1 i-/ 


-200 ^ 

100 // 

f I 


/ / 
/ / 


r — r 1 

/ S 10 15 


// -100 


J / MAGNETIC RELD H(kOe) 










- ^_-----*^00 




-400 





18 



EP 0 586 142 A1 

FIG.6 



MAGNETIZATION M (emu/cc) 




-400 [- 



FIG.7 



MAGNETIZATION M (emu/cc) 




-400- 



19 



EP 0 5B6 142 A1 



(400) 



FIG.8 




26(deg.) 

(400) 



FIG. 10 



FIG.11 




40 ' ; 50 



29(d g.) 

20 



EP 0 586 142 A1 



FIG.9 



MAGNETIZATION M(emu/cc) 




21 



EP 0 586 142 A1 



FIG.12 



MAGNETIZATION M(emu/cc) 




-400- 



22 



EP 0 586 142 A1 



European Talent 
Office 



EUROPEAN SEARCH REPORT 



Application Nunbcr 

EP 93 30 6554 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation or document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (1m. Cl-5 ) 


A 


IEEE TRANSLATION JOURNAL ON MAGNETICS IN 
JAPAN 

vol 6 no 9 September 1991, NEW YORK, US 

pages 730 - 736 , XP000266689 

O.ISHII ET AL. 'MAGNETIZATION REVERSAL 

MECHANISM IN GAMMA- FE203 THIN FILMS' 

* page 730 - page 732 * 


1 


bl lbi>/ do 
G11B5/64 


A 


IEEE TRANSLATION JOURNAL ON MAGNETICS IN 
JAPAN 

vol. 6, no. 9, September 1991, NEW YORK 
,US 

pages 765 - 770 , XP000266693 

H T0RII ET AL. 'MAGNETIC CHARACTERISTICS 

OF CO FERRITE PERPENDICULAR AN I SOTROPY 

FILM ' 

* page 766 - page 767; figure 2 


1-10 




A 


EP-A-0 351 815 (KANEGAFUCHI KAGAKU K0GY0 
K.K.) 

* claim 1 *' 


1,5,6 








TECHNICAL FIELDS 
SEARCHED (Int. CI.5 > 


A 


EP-A-0 122 030 (NIHONSHINKU GIJUTSU K.K.) 
* claims 1-5 * 


1,5,6 


G11B 



The present search report has been drawn up for all claims 



. Plat*, ml i#»rrt 

THE HAGUE 



Dm* of e»a«il«tM of th* ttaxfe 

26 OCTOBER 1993 



VITZTHUM 



CA'I'KCURY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant rl combined with another 

document of tb* iame category 
A : technological background 
O : non-written iisdosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but publish** on, or 

after the filing date 
D : document cited in the application 
L : document died for other reasons 

& 7 umber of the same patent family, corresponding 
document 



23 



THIS PAGE BLANK (usfto) 



